To correlate rotator interval dimensions on direct CT arthrography (CTA) with external rotation shoulder stress radiographs in patients with shoulder instability. Materials and Methods: One hundred and twenty-three shoulders of 115 patients with shoulder instability that underwent direct CTA and shoulder stress radiographs in neutral position and external rotation were enrolled. Axial, oblique coronal, oblique sagittal CT images were obtained after intra-articular contrast injection. Width and depth of rotator interval on sagittal CTA images were evaluated and acromiohumeral (AH) distance on neutral and external rotation stress radiographs were measured. CTA measurements were compared with AH on stress radiographs according to the group with or without "external rotational instability". Results: Out of 123 shoulders, 79 with external rotation instability showed increased or unchanged AH distance on external rotation compared with neutral position. Width of rotator interval was 2.43 ± 0.31 cm and depth was 0.87 ± 0.2 cm. Forty-four shoulders without external rotation instability showed decreased AH distance on external rotation compared with neutral position. Width of rotator interval was 2.02 ± 0.45 cm and depth was 0.75 ± 0.2 cm. Width and depth of rotator interval were significantly greater in the external rotation instability group. Conclusion: Width and depth of rotator interval on CTA were significantly correlated with AH distance on external rotation stress radiographs.
INTRODUCTION
The rotator interval (RI) is defined as the space between the anterior aspect of the supraspinatus tendon (SST) and superior aspect of the subscapularis tendon (SSC), covered by rotator interval capsule (RIC) (1, 2) . It represents a region of capsule that is not reinforced by overlying rotator cuff tendon (1) and its components, coracohumeral ligament (CHL) and superior glenohumeral ligament (SGHL), are suggested to have a role in glenohumeral joint (GHJ) stability. The role of different shoulder stabilizers vary according to different shoulder position. For example, the CHL is shown to be a stabilizer in superior-inferior directions with arm in external rotation, whereas, the intra-articular pressure that is maintained by the intact RIC is suggested to act as a stabilizer in superior-inferior directions with the arm in internal and neutral rotations (3) . The role of the RI in shoulder mechanopathology remains a much debated subject, with some authors advocating its role as a negative articular pressure inducer (3), whereas others, in resisting posteroinferior glenohumeral translation (4) (5) (6) (7) . Surgical repair of the RI is suggested to be helpful in surgical treatment of posterior and multidirectional instability (4, 5, 7-10), and attempts have been made to diagnose RI injury both clinically and on imaging (6, 9, (11) (12) (13) ; however, there is no definitive means of diagnosing a widened RI objectively yet. RI lesions are classified into 4 types by orthopedic surgeons including; type I, contracture; type II, laxity with GHJ instability; type III, traumatic injury: IIIa tear and IIIb coracoid impingement; and type IV, bicipital instability involving CHL, SGHL, SSC (14) .
Imaging studies on diagnosis of type I and III lesions have used magnetic resonance arthrography (MRA), especially regarding RI deficiency in instability lesions (2, 15, 16) . Clinically, authors have suggested that the sulcus sign, which appears as a depression of the posterior aspect of shoulder just below the acromion upon applying traction in an inferior direction that disappears upon external rotation because of tightening of the RI, persisting on 45 degree external rotation of the arm, would suggest pathologic laxity and RI widening (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 17) . Widening of the RI is clinically identified in the arthroscopic field by an increased distance between the SST and SSC tendons and between the biceps long head tendon and anterior edge of the SSC tendons. However, there are few studies on the correlation between clinical examination findings with dimensions of the RI on imaging.
Reports have indicated that standardized anteroposterior radiographs are a reliable and reproducible method for measurement of acromiohumeral (AH) interval (18) , which is decreased in patients with SST tear and increased in shoulder dislocation. Therefore, the AH distance would be increased in patients with RI laxity with persistence in external rotation of the arm as in the physical examination for sulcus sign.
In this study, we compared the RI dimensions on direct CT arthrography (CTA) and correlated them with AH distances on neutral and external stress radiographs in patients with clinical instability.
MATERIALS AND METHODS
This retrospective study was approved by the Institutional Review Board and the requirement for patients' informed consent was waived. 
Image Analysis
The CTA images and stress radiographs of the shoulder were reviewed by 2 musculoskeletal radiologists under consensus (a The AH distance was measured as the length between the undersurface of acromion and apex of humeral head. The AH distance was measured on neutral and external rotation stress radiographs, respectively. If the AH distance was not changed or increased on external rotation, as compared to neutral position, the case was classified as "external rotation instability positive (+)" (Fig. 1) . These criteria were based on the sulcus sign on physical exam for patients with instability (19) ; the sulcus sign disappears normally in external rotation because of tightening of the RI and the presence of persistent sulcus sign although glenohumeral external rotation may suggest pathologic laxity when symptoms are elicited (19) . So in cases with intact RI without pathologic laxity, the AH distance is expected to decrease upon external rotation. If the AH distance was decreased on external rotation, the case was classified as "external rotation instability negative (-)" (Fig. 2) .
Statistical Analysis
The 
RESULTS
After measurement of the AH distance on external and neutral stress radiographs, 79 shoulders (73 male, 6 females; mean age 25.2 years) among total 123 shoulders, were classified as "external rotation instability (+)" group. In this group, the AP diameter of RI was 2.43-0.31 cm and longitudinal diameter was 0.87- The reported average distance in distended joint was greater than our study, probably because they measured the distance at the level of glenoid margin (more medial position than our study). Also, in our study, the amount of contrast varied according to each patient and in patients with RI laxity, more contrast was injected, which probably resulted in greater AH distance, including the position of external rotation. In another study (14) , measurements of the width of the RIC were made on the sagittal images of the MRAs of 32 specimens. In all cases, the capsule was measured at the level of the intra-articular biceps tendon on an image just lateral to the coracoid process, as measured in our study. The width of the RI capsule ranged from 1.7 to 2.0 mm (mean 1.8 mm) (14) . The reported width was small- er than in subjects that showed external rotation instability in our study, probably because these were measured in specimens, as compared with patients with instability.
DISCUSSION
RI closure in instability surgeries remains controversial with few studies on objective evaluation of the RI dimensions and widening; however, some studies provide evidence for widened RI, which would warrant their closure (10, 13, 24) . The widening of the RI may be represented by relatively anterior position of the biceps long head tendon, representing dilatation of the anterior capsule, which would hence lead to failure in this region (25) and increased AH distance. Another study on comparative RI dimensions between subjects with and without instability reported significant differences in the RI dimensions between the 2 groups (26). On MR arthrography, RI dimensions were greater in shoulders with MDI as compared to controls, according to an earlier study (27) . In our study, there was no control group per se; however, differences were found in the CTA dimensions between patients with external stress instability and those without. To the best of our knowledge, no study has correlated measurements of RI dimensions on CTA and AH distance measurements on external rotation stress radiographs, which would correspond to imaging assessment of the sulcus sign on external rotation.
Our study had several limitations. First, the study was limited by its retrospective nature and not all cases had surgical or arthroscopic correlation about RI lesion; however, it is difficult to evaluate RI laxity on arthroscopic exam, so the orthopedic surgeon frequently relies on the imaging findings for determination of RI laxity along with physical examination findings. Second, there was no analysis of intraobserver agreement of the measurements. Last, there was no true normal control group because external stress radiographs are not routinely taken in normal controls or patients without instability. Furthermore, we could not use the contralateral side because oftentimes the patients were clinically lax or had instability at both shoulders.
In conclusion, the width and depth of RI on CTA were correlated with increased AH distance on external rotation stress radiographs. Therefore, stress radiographs in neutral and external rotation may be useful in evaluation of RI laxity or injury, supplementing clinical findings on physical examination, and help in preoperative planning.
